The novel ciliate Platynematum salinarum (Scuticociliatia) was isolated only recently from a thalassohaline solar saltern pond (12%) in Portugal. Scanning electron microscopy showed numerous bacterial-shaped cells covering the complete surface of the ciliate. The rod-shaped epibionts were identified and characterized following the "Full-Cycle rRNA Approach". The almost full-length 16S rRNA gene sequence was obtained using archaeal-specific primers and two species-specific probes were designed for fluorescence in situ hybridization. The 16S rRNA gene sequence of the epibiotic cells showed 87% sequence identity with the type strain sequence of the closest characterized species Halolamina pelagica. Phylogenetic reconstructions affiliated the novel organism to the genus Halolamina (Halobacteria, Archaea). Attempts to isolate the epibionts failed and, therefore, growth experiments incorporating the antibiotic anisomycin were conducted in order to investigate the potential symbiotic relationship between P. salinarum and the epibionts. The results suggested an obligate symbiosis between the two organisms and revealed the first symbiotic representative of the Halobacteria. Based on the phylogenetic analyses and growth experiments we propose the classification of this novel organism in a new genus, with the taxon name "Candidatus Haloectosymbiotes riaformosensis".
Introduction
Novel prokaryotes, for which characteristics required for formal description according to the International Code of Nomenclature of Bacteria are lacking, can be given a provisional Candidatus status [35] . Predominantly, this applies to prokaryotes from which it is difficult (or not possible) to obtain pure cultures, which is a prerequisite for the identification of specific characteristics needed for a formal description. This is a common phenomenon encountered, for example, in prokaryote symbionts of ciliates [6, 15] . To assign a provisional Candidatus status, the following informations are required: (i) relatedness to the nearest neighbor based on, for example, a taxonomic marker sequence; (ii) an assay such as in situ probing to verify authenticity, and (iii) phenotypic properties that can be used as a starting point for further investigation [35] . Members of the family Halobacteriaceae (Archaea) are obligate extreme halophiles thriving in a great variety of hypersaline environments (e.g. [19, 31, 47, 52, 53] ). The minimal requirements for growth of Halobacteriaceae include salt concentrations above 1.5 M NaCl, with optimal growth between 2.0 and 4.5 M NaCl [24, 37] . The members of this group have adapted their metabolism and protein amino acid compositions to environmentally high concentrations of salts, given that they accumulate internal cation concentrations as compatible solutes that may reach 5 M of potassium [38] . Halobacteria are the key players in high saline environments and generally represent the dominant prokaryotic communities. The family Halobacteriaceae was established in 1974 [21] with the two genera Halococcus and Halobacterium. Since then, the diversity of described taxa in this family has expanded tremendously, and comprised 36 genera and 129 species when reviewed in 2012 [40] . Besides high salt concentrations as a growth requirement, common traits shared by all Halobacteriaceae include the lack of a peptidoglycan cell wall, structural stability, and unusual pigmentation [30] . Furthermore, all species described to date are free-living.
The current study presents the first record of a new Halobacteriaceae species as an ectosymbiont of a small hypersaline ciliate (Platynematum salinarum) isolated from the Ria Formosa solar salterns in Faro, Portugal. Scanning electron microscopy (SEM) revealed that a prokaryotic epibiont grew as a dense coat on the ciliate's membrane. Attempts to separate the epibiont from the scuticociliate failed. Therefore, a "Full-Cycle rRNA Approach" [1] was applied in order to identify the epibiont. Based on the information retrieved, a symbiotic relation with the ciliate is hypothesized. In addition, given the information obtained from the epibiotic archaeon, we propose a Candidatus status for it with the name "Candidatus Haloectosymbiotes riaformosensis", according to Murray and Schleifer [34] .
Materials and methods

Sampling, cultivation and identification
The detected epibiont was growing on the membrane of the small scuticociliate Platynematum salinarum [18] . P. salinarum was isolated from a solar saltern pond with a salt concentration of 12% in the Ria Formosa natural park (37 • 01 N, −7 • 96 E), Faro, Portugal. It was cultivated in sterilized salt medium (ASW, "artificial sea water", Instant Ocean, Aquarium Systems, Ohio, USA) adjusted to 12% salinity with NaCl and amended with two to four wheat grains per 25 mL salt medium as a food source in order to support growth of indigenous bacteria.
Scanning electron microscopy (SEM) SEM followed the protocol described by Kolodziej and Stoeck [27] but with small modifications. Briefly, 8 mL of P. salinarum culture were fixed for 2 h at 4 • C with 25% glutaraldehyde (final concentration 10% in 0.1 M cacodylate buffer), filtered onto Transwell polycarbonate membrane filters (24 mm, 3 m, Corning Inc., New York, USA) and washed three times with cacodylate buffer. Filters were covered with 10-15 drops of osmium tetroxide in 0.1 M cacodylate buffer (final concentration 1%), incubated for 1 h and washed twice with cacodylate buffer. Afterwards, filters were taken through a dehydration series of 30, 50, 70, 80, 90, 95 and 100% of ethanol-cacodylate buffer mixtures for 10-15 min. Finally, filters were transferred to a 1:1 hexamethyldisilzane-ethanol mix and washed three times with hexamethyldisilizane for 15-20 min. Until the final washing step, filters were not allowed to dry out at any time. All incubations were at room temperature. Prepared filter pieces were then attached to a carbon adhesive tab and mounted on a SEM specimen holder. Mounted specimens were sputter coated with gold using a Cressington 108 auto sputter coater (Cressington Scientific Instruments Ltd., Watford, UK) and visualized with a Carl Zeiss SUPRA 55VP scanning electron microscope (Carl Zeiss MicroImaging GmbH, Göttingen, Germany) and an accelerating voltage of 5 keV.
DNA extraction and 16S rRNA gene sequencing
Single specimen of P. salinarum carrying the ectosymbiont were isolated from a culture, washed three times in sterile salt medium and starved for 24 h in sterile salt medium in order to digest already ingested prokaryotes. Then, individual cells were picked, transferred into sterile PCR tubes containing the PCR reaction mix (see below) and subjected to single-cell PCR. Since it was unknown whether the ectosymbiont belonged to the domain Bacteria or Archaea, different PCR reactions targeting the gene coding for the small ribosome subunit (16S rRNA gene) for each domain were conducted. To amplify the archaeal 16S rRNA gene the archaea-specific forward primer 21F (5 -TTCCGGTTGATCCTGCCGGA-3 [13] ) and the universal reverse primer U1517 (5 -ACGGCTACCTTGTTACGACTT-3 [51] ) were used. For bacterial 16S rRNA gene amplification, the bacterial primer pair Bact8F (5 -AGAGTTTGATCMTGGCTC-3 [23] ) and U1517 was used. The PCR reaction mix included dNTPs (10 mol each; Axon, Germany), 100 mol L −1 of a forward and a reverse primer (each with a final concentration of 0.5 M), 0.5 l HotStar Taq (5 U L −1 , 2.5 U final concentration; Qiagen, Germany) and 5 L of 10× Coral buffer (1× final concentration; Qiagen). The reaction mix was filled with PCR water to a final volume of 50 L. The PCR program for amplification of the bacterial and archaeal 16S rRNA genes consisted of an initial 5 min denaturation at 95 • C, followed by 30 identical amplification cycles (denaturation at 98 • C for 30 s, annealing at 55 • C for 30 s and elongation at 72 • C for 60 s), and final elongation at 72 • C for 10 min.
As PCR products were only obtained using the archaea-specific primer set, all following steps were conducted with the archaeal gene product. The PCR product was purified (MinElute PCR purification kit, Qiagen, Germany), ligated into pGEM-T vector (PGEM-T Vector Systems kit, Promega GmbH, Germany) and transformed into OneShot TOP10 chemically competent Escherichia coli cells (Invitrogen, Germany), according to the manufacturer's instructions. Plasmids were prepared from overnight cultures using the FastPlasmid Mini kit (5 Prime GmbH, Hamburg, Germany) and sequenced bidirectionally using M13 sequencing primers on an Applied Biosystems (ABI) 3730 XL DNA Stretch Sequencer with the ABI Prism BigDye Terminator version 3.1 Cycle Sequencing Ready Reaction kit.
Phylogenetic reconstructions
The forward and reverse sequences obtained were quality checked (including vector and primer trimming), PHRED and PHRAP analyzed, and assembled to one near-complete 16S rRNA gene sequence using the software CodonCodeAligner v.4.0.4 (CodonCode Corporation, Dedham, MA). Phylogenetic inference was carried out using the ARB software package [32] . The almost complete sequence was automatically aligned using SINA aligner [45] against LTP 111 database [55] reference alignments and manually inspected in order to correct inaccurately misplaced bases. The treeing approach was undertaken using three different algorithms: maximum likelihood using the program RAxML [49] , and neighbor-joining and maximum parsimony as implemented in the ARB software package [32] , using different datasets and filters (see the respective figure legends). The sequence accession number of the epibiont is KF736828.
Probe design
Two different 16S rRNA-targeted oligonucleotide probes specific for the detected epibiont were designed using NCBI's Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/). Default program parameters were applied except for the primer melting temperature (T m Min = 50, T m Opt = 55, T m Max = 63). Suggested probes were reverse complemented and checked for GC-content, melting temperature and self-complementarity (hairpins or dimers) according to the guidelines of Hugenholtz et al. [26] . Probe specificities were checked against GenBank's nr nucleotide database and by hybridization assays with environmental samples (original samples of the environment from which the host ciliate was isolated). Stringency was adjusted by applying different formamide concentrations (0-40%) using the fluorescence in situ hybridization protocol described below. 
Fluorescence in situ hybridization (FISH)
In order to identify the ectosymbionts, fluorescence in situ hybridization was used with an available domain-specific probe (Arch915) and two newly designed species-specific probes (Hesr1 and Hesr2; for sequences see Table 1 ). All probes were labeled at the 5 -end with the fluorochrome CY3. FISH followed the protocol described in Stock et al. [50] but with minor modifications. Briefly, 10 mL of a P. salinarum culture carrying the ectosymbiont were fixed with 3.7% formaldehyde (final concentration) for 2-5 h at room temperature. The fixed samples were drawn onto Isopore membranes (25 mm, 0.2 m, Millipore, Germany), washed with distilled water and air dried. One quarter of a filter was placed on a glass slide and a thin layer of 0.2% intermediate-melting agarose was put on top of it to minimize cell loss during the hybridization and washing steps. The prepared filter pieces were then covered with the hybridization solution including the specific probe and an adjusted formamide concentration (Table 1) . Samples were incubated for 2 h at 46 • C. Subsequently, the filter pieces were incubated in 50 mL preheated washing buffer for 10 min at 48 • C, followed by a washing step with distilled water. The filter piece was counter-stained for 5 min with DAPI (2 g mL −1 , Carl Roth GmbH, Germany) in the dark and washed briefly with distilled water and 80% ethanol prior to air drying and mounting on a glass slide with the anti-bleaching agent Citifluor (Citifluor Ltd, Leicester, UK). The documentation of the cells occurred with a Zeiss Axiophot II microscope equipped with DAPI-and CY3-specific filter sets and a cooled QImager CCD Microcam (Intas, Germany). As controls, FISH analyses were conducted with a domain specific probe for Bacteria (Eub338 , Table 1 ), a non-sense probe (Table 1) , and a hybridization mix without a probe. Imaging and evaluation of positive and negative signals occurred at the same fluorescence intensity and camera exposure time.
Anisomycin treatment
To assess the nature of the host-symbiont relationship (facultative or obligate), a culture of the target organism was incubated with anisomycin (final concentration: 40 g mL −1 ; Sigma-Aldrich, Germany), which is an antibiotic specific for Archaea [36] . Abundance of host cells was counted daily in three replicate subsamples for a period of six days. The same counts were conducted with a control culture of P. salinarum without anisomycin treatment. To exclude the effect of anisomycin on the ciliate host, another closelyrelated ciliate species (Metanophrys sp., Scuticociliatia) without symbionts, which was isolated from the same environment as P. salinarum, was subjected to the same treatment. Cell abundance was monitored as described above.
Results
Molecular characterization of the epibiont
The PCR amplification only rendered amplicons of the correct size for the archaeal primer pair. However, no amplicon was obtained when using the bacterial primer pair. All clones rendered an identical archaeal sequence of 1466 bp. A BLASTn search against the non-redundant nucleotide collection identified the sequence of a Halolamina sp. (accession number: JX192605.1), family Halobacteriaceae, as the most similar (87% sequence similarity) sequence available in this database. The next closest related taxa to the 16S rRNA gene sequences deposited in the GenBank database were Halobaculum magnesiiphilum (accession number: AB638780.1; 85% sequence similarity), Halogranum gelatinilyticum (accession number: AB663387.1; 85% sequence similarity) and Halobaculum gomorrense (accession number: AB663364.1; 84% sequence similarity).
The tree shown in Fig. 1 represents the maximum likelihood reconstruction using the RAxML algorithm [49] in which all halobacterial type strain sequences were taken into account. Additional trees using RAxML, parsimony and neighbor-joining algorithms showed generally similar topologies ( Supplementary  Figures S1-S5) . The 16S rRNA gene sequence of the epibiont of P. salinarum branched in one cluster with the homologue sequences of Halolamina pelagica (GU208826) and Halobaculum gomorrense (HM159611). It is remarkable that in all cases, the position of the epibiont appeared as a long branch, which may indicate a higher mutation rate. These mutated positions may be responsible for the different placement of the branch in the neighbor-joining tree when no filter was applied (Supplementary Figure S2) . However, given the overall agreement of the common affiliation with Hlm. pelagica in the remaining treeing approaches using different datasets, we believe that the given topology in Fig. 1 is the most plausible.
Microscopy analyses
Scanning electron microscopy imaging revealed numerous rodshaped epibionts with a size of approximately 1.8 m × 0.6 m covering the complete surface of the ciliated host P. salinarum (Fig. 2) . Approximately 0.52 epibiotic cells per m 2 were counted, and all cells investigated carried the ectosymbiont. This observation was confirmed with DAPI-staining and epifluorescence microscopy ( Fig. 3a-e) .
The development of the two distinct oligonucleotide probes for FISH, which targeted different regions of the epibiont 16S rRNA gene, was successful. Highest stringency (as described in [26, 44] ) was obtained at formamide concentrations of 30%. Critical steps in probe evaluation include its specificity. FISH using the domainspecific probe Arch915 showed strong positive red signals with all cells (Fig. 3a) . The two probes designed in this study gave a similarly strong red CY3 signal (Fig. 3b-c) . The controls without a probe (Fig. 3d) , the non-sense probe (Fig. 3e) and the eubacteriaspecific probe Eub338 (results not shown) did not respond with a signal. Fluorescence signals were exclusively detected in association with the host organism P. salinarum. No CY3 signals of unattached cells were obtained from either FISH assays with the culture of P. salinarum or in environmental samples from its origin. Furthermore, a host organism without ectosymbionts could not be detected in P. salinarum cultures.
Anisomycin treatment
When the archaeal ectosymbiont was inactivated with anisomycin, the abundance of the host ciliate P. salinarum decreased rapidly, resulting in death of the complete culture after six days (Fig. 4) . The cell abundance of a control culture of the symbionthost without anisomycin treatment, as well as a control culture of the non-symbiont bearing scuticociliate Metanophrys sp., remained almost unaffected over the time course of the experiment. [49] showing the position of the new Candidatus sequence within the framework of all type species of the family Halobacteriaceae. For the reconstruction, all species of the family were used, and no filter to remove hypervariable positions was applied. For the tree visualization, just the type species of the family were kept in the tree. The bootstrap values were calculated with 100 random reconstructed trees. GenBank accession numbers are indicated in brackets. Bar indicates 1% sequence divergence.
Discussion
In this study, the Candidatus status was assigned to a novel member of the family Halobacteriaceae, which we were not able to grow in pure culture because of its putative obligate symbiotic relationship with a scuticociliate. For the traditional "Full-Cycle rRNA" approach, the 16S rRNA gene of the target species was first obtained and analyzed. Phylogenetic analyses placed the ectosymbiont within the family Halobacteriaceae with Hlm. pelagica being the closest relative species. Hlm. pelagica has only recently been isolated from a marine solar saltern in eastern China and described as a novel species in a novel genus [10] . The halophile archaeon was characterized as a free-living aerobic heterotroph, with optimal growth rates between 3.4 and 3.9 M NaCl. The sequence similarity to Hlm. pelagica was 87%, which is a value far below the threshold of 94% that would discern different genera [55] . It is remarkable that in almost all treeing approaches ( Fig. 1 and Supplementary Figures S1-S5 ) the epibiont sequence showed a monophyletic origin with Hlm. pelagica but with a long branch. Only a neighbor-joining reconstruction in which no filter was applied placed the new added sequence at the periphery of the family clade ( Supplementary Figure S2) . However, given that all the remaining treeing approaches showed similar topologies, we accepted the monophyletic origin with Hlm. pelagica as the most plausible reconstruction. However, it cannot be discarded that with the addition of close relative sequences of Hlm. pelagica or the epibiont to the dataset the topology and affiliation could change. The long branch between Hlm. pelagica and the epibiont sequence was verified by re-sequencing additional clones of the epibiont 16S rRNA gene, which excluded sequencing artifacts as a reason for the result obtained. A possible explanation for the observed multiple single base mutations may be elevated rates of evolution and a general reduction in genome size, which is frequently reported in prokaryote symbionts (reviewed in [33] ). This also applies to recently evolved symbionts [8] . Therefore, within the framework of the observed topologies for the different genera in the family, and also the large sequence differences with the closest relative species of the epibiont, we considered it adequate to propose a new Candidatus genus within the family Halobacteriaceae.
Fluorescence in situ hybridization verified the authenticity of the archaeal nature of the epibiont. All probes, except those for Bacteria (Eub338) and non-sense (Non338), hybridized with the ribosomes of the P. salinarum epibionts (Fig. 3) . Halobacteriaceae are frequent members of halophilic microbial communities in a variety of high-salt environments, including thalassohaline solar saltern ponds such as the Ria Formosa salterns [3, 4] . Therefore, environmental samples from the local of origin of P. salinarum were expected to harbor a high diversity of Halobacteriaceae. However, neither of the two probes designed (Hesr1-2, Table 1 ) hybridized with a cell other than the symbionts attached to the cell membrane of P. salinarum. Therefore, the two probes were considered to be a highly specific and reliable system for the diagnosis of the epibiont.
The antibiotic anisomycin was used to investigate the symbiotic relationship between P. salinarum and the epibiont. Anisomycin competes with aminoacyl tRNAs for binding to the large ribosomal subunit (23S rRNA) and therefore interferes with the ribosomal translation system and protein synthesis [5] . Anisomycin is commonly used to investigate sensitivity of (halo)archaea against antibiotics [10, 52] or in ecological research to study contributions of bacterial and archaeal groups to the heterotrophic activity of natural microbial communities [36] . As Hlm. pelagica, the closest neighbor of the epibiont, is highly sensitive to anisomycin [10] , it was used to inhibit the haloarchaeon attached to the ciliate. To exclude the direct effect of anisomycin on the host organism, a control experiment was conducted with a close relative of P. salinarum, namely Metanophrys sp., a free-living marine scuticociliate. Results of the growth experiments indicated no effect of anisomycin on Metanophrys sp., thus leading to the conclusion that the decrease in P. salinarum cell abundance was due to the inactivation of the epibiont rather than direct effects of anisomycin (Fig. 4) . This finding, together with the unsuccessful efforts to culture the epibiotic archaeon and the fact that FISH-probing did not reveal any free-living representatives of this organism, strongly suggested an obligate symbiosis (eusymbiosis) between P. salinarum and the archaeal epibiotic cells. Altogether, the results indicated that the rod-shaped epibiotic organism covering the cell surface of P. salinarum was a new member of the family Halobacteriaceae, for which we could not find free-living forms or obtain a pure culture. Given that the 16S rRNA gene sequence identity of 87% with its closest relative Hlm. pelagica was far below the genus threshold of 94% [55] we considered that this epibiotic organism represented a new genus within the family. As the results clearly showed the archaeal and symbiotic nature of the epibiont, and provided sufficient information for proposal of the Candidatus status, we propose that this new organism is classified as "Candidatus Haloectosymbiotes riaformosensis".
Description of "Candidatus Haloectosymbiotes riaformosensis"
"Candidatus
Haloectosymbiotes riaformosensis" (Ha.lo.ec.to.sym.bio'.tes ri.a.for.mo.sen'.sis; Gr. hals, halos, salt, salt water; Gr. ektos, outside; N.L. masc. n. Symbiotes (from Gr. symbiotes), one who lives with a companion, partner; N.L. masc. n. Haloectosymbiotes, an ectosymbiont from salt water ciliates. riaformosensis L. adj. of Ria Formosa, salt pond near Faro (Portugal) where the ciliates and their companion ectosymbionts were isolated).
Rod-shaped archaeon with a length-width ratio of 3:1. Epibiont on the scuticociliate Platynematum salinarum (Ciliophora, Scuticociliatia). Phylogenetically related to Hlm. pelagica on the basis of the 16S rRNA gene sequence (accession number: KF736828), and identifiable with the specific FISH oligonucleotide probes Hesr1-2 (Hesr1: 5 -TTCACTAGGTGTTCCTCTCG-3 ; Hesr2: 5 -GACTCTTCGGAGTGGTGTTAT-3 ) and the archaeal-specific probe Arch915 (5 -GTGCTCCCCCGCCAATTCCT-3 ). Identified as an inhabitant on the surface of a P. salinarum population, isolated from the Ria Formosa solar saltern in Faro, Portugal. Anisomycin experiments point to an obligate symbiotic relation with its host, whereas no free-living forms have been observed. Uncultured so far.
Remarks on the symbiotic nature of "Candidatus Haloectosymbiotes riaformosensis":
Symbiotic associations between prokaryotes and protists are widespread and occur in almost every environment (reviewed by [20] ), including extreme habitats such as micro-oxic, anoxic and sulfidic sediments [14, 17] or hydrothermal vents [28] . The most commonly observed symbiotic relationships are of a mutualistic nature because this strategy elegantly resolves physiological constraints that arise from the extreme habitat. In anaerobic environments, for example, symbioses are predominantly known between Archaea and ciliates [16] . The functions of the ectosymbionts are manifold, including sulfate reduction or sulfur oxidation, which either detoxify the local environment or remove the host's waste products, such as hydrogen and carbon dioxide. Numerous such symbionts have been identified as methanogens that take advantage of hydrogen and carbon dioxide as substrates. Furthermore, some heterotrophic protists, such as the ciliate Codonella, cultivate symbionts as their own food source [42] . This is beneficial when the preferred prey of the host organism is not available or prey density is low.
To the best of our knowledge, eukaryote-prokaryote symbioses have not been described hitherto from solar salterns or for any member of the family Halobacteriaceae. We do not believe that this is due to the rarity of such relationships, but rather to a lack of studies in this field of research. This is supported by a recent finding of Orsi et al. [41] reporting a number of different ciliates, including scuticociliates, from hypersaline deep-sea habitats, which are covered with uncharacterized bacterial ectosymbionts. However, the nature of these symbiotic relationships was not addressed by the authors.
However, since the nature of such symbiotic relationships in a halophile consortium consisting of a prokaryote and a protist is thus far unexplored, explanations about possible interactions remain speculative. Consequently, we have the following working hypotheses, which still have to be tested in future experiments. Hlm. pelagica, the closest described relative of "Candidatus Haloectosymbiotes riaformosensis", is non-motile. Therefore, the symbiont could use P. salinarum as a means of transportation in order to acquire sufficient substrates from the environment. This relationship is already known from other symbioses with non-motile prokaryote symbionts (see review of Ottemann and Miller [43] ). Alternatively, or additionally, "Candidatus Haloectosymbiotes riaformosensis" may utilize sugars, such as glucose, mannose or galactose and acetate or pyruvate, produced by the ciliate in order to enhance growth. Since Halobacteriaceae can also utilize glycerol as a carbon source [46] and glycerol is a common osmolyte in hypersaline eukaryotes [2] , this substrate may also be a basis for a symbiotic relationship between a halobacterium and a eukaryote.
The ciliate host P. salinarum may benefit from "Candidatus Haloectosymbiotes riaformosensis" through a partnership that confers a fitness advantage in high salt environments. In the ciliate genus Platynematum Kahl 1935, P. salinarum is the only representative living in a high-salt environment. It is reasonable to assume that the bacterial symbiont may represent a means for P. salinarum to exploit a habitat that is inhabitable for its generic relatives. However, information about adaptation strategies to high salt concentrations are scarce for most of the protistan species [25, 38] and it is difficult to speculate about the benefit provided by the archaeal symbiont.
Evidence for a fitness advantage of the host provided by the symbiont comes from the observation that when exposed to salinities below 6% NaCl the ciliate host dies. This corroborates with the fact that Halobacteriaceae compensate for the osmotic pressure by using the "high salt-in" strategy [39] . High concentrations of potassium ions are accumulated in the cytoplasm. The intracellular concentration of these ions depends on the salt concentration in the surrounding medium and can reach up to 5 M potassium [9, 22] . This buffers the excess of acidic amino acids typical of haloarchael proteins, which otherwise would be destabilized in the absence of appropriate cation concentrations [12, 29] . Consequently, hypoosmotic conditions lead to destabilization and malfunction of their proteins. Thus, inactivation of "Candidatus Haloectosymbiotes riaformosensis" at salinities below 6% NaCl may make the hypersaline environment an inhospitable habitat for P. salinarum.
The P. salinarum/"Candidatus Haloectosymbiotes riaformosensis" consortium is the first model system of a halophilic eukaryote-prokaryote symbiosis available in culture. Future concerted efforts will be needed in order to shed light on symbiosis as a possible mechanism to enable eukaryotic live in high-salt environments.
